HAL Id: jpa-00223089 https://hal.archives-ouvertes.fr/jpa-00223089 Submitted on 1 Jan 1983 HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers. L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. A h i g hpower l a s e r i r r a d i a t i o n can anneal the i o nimplanted damage region i n s i n g l ec r y s t a l semi-conductors. Rapid surface m e l t i n g and subsequent l i q u i d phast e p i t a x i a l regrowth i n nanosecond pulse annealing make i t possible t o dope s i l i c o n w i t h e l e c t r i c a l l y a c t i v e i m p u r i t i e s we1 1 above the thermal equi 1 i b r i u m sol i d solub i l i t y l i m i t (2) , and t o completely anneal implanted regions w i t h o u t any macroscop i c a l l y extented defects, such as d i s l o c a t i o n s , stacking facets o r p r e c i p i t a t i o n s ( 3 ) . Three techniques are used t o analyze e l e c t r i c a l and s t r u c t u r a l p r o p e r t i e s o f l a s e rannealed damage : e l e c t r o n microscopy, He+ backscattering (3) and o p t i c a spectroscopy (4, 5) mainly i n t h e UV and v i s i b l e range. Indeed, f o r photon energies smaller than Eo, t h a t i s f o r edge absorption, t h e semi-conductor i s more o r l e s s transparent ( f r e e absorption); f o r energies l a r g e r than Eo, i t i s opaque (band t o band absorption). The former gives information about various l a t t i c e imperfect i o n (e.g. i m p u r i t i e s , defects, phonons, e t c .... The l a t t e r i s m a i n l y r e l a t e d t o the band s t r u c t u r e and c o n t r i b u t e s e s s e n t i a l l y t o a d e t a i l e d understanding o f the e l e c t r o n i c s t r u c t u r e o f t h e semi-conductor (6) . Pankove (7) has studied e x t e n s i v e l y the o p t i c a l p r o p e r t i e s o f h e a v i l y doped germanium and has shown the modification i n band s t r u c t u r e and i t s consequence on e l e c t r i c a l p r o p e r t i e s o f P -N j u n c t i o n s . The o p t i c a l r e f l e c t i v i t y spectra were performed o by using a Beckmann double beam spectrophotometer over the range 2500 -5000 A. An evaporated aluminium m i r r o r , whose r e f l e c t a n c e was assumed t o be 108%. provided the reference spectrum. The e l l i p s o m e t r y measurements a t X = 6328 A (He -Ne) were performed on YAG annealed m- Si r e f l e c t i -spectra for crystalline vity a t 2750 A ) versus implanted ( -) and doped dose.
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In Fig. 5 shows reflectivity spectra for 5 x 10 /cm doping dose before and a f t e r thermal annealing (600" C , 20 mn). After laser annealing, the highly substitutional arsenic concentration in silicon i s metastable. Thermal annealing increases the fraction of i n t e r s t i t i a l atoms and consequently the number of active atoms decreases, as seen by sheet r e s i s t i v i t y measurements. There results, as observed in Fig. 5 , the increase of the E2 peak. W e can conclude that the reflectivity reduction i s mainly due to high doping level. Similar behaviour i s observed for ruby laser an- Fig. 6 shows the refractive index and absorption k coefficient as a function of implanted dose. The former decreases with increasing dose and saturation a t 4 x 1016 cmm2, but the second rises to 0 value nearly on order of magnitude higher than the one for pure silicon. Ostaja e t a7. (5) fmiP suggest that the very highly doped layers are ruby annealed 1 ayers respec-9 " + loR(ex~ - ' 1) where IoD and IoR are the where K i s a constant depending upon the doping concentration on the p and n sides o f the junction, and n i s a constant normally l y i n g between 2 and 3, and i s a measure of the doping p r o f i l e . Here, we found n = 3 implying a l i n e a r l y graded j u n c t i o n . From these measurements, we deduce t h e d i f f u s i o n p o t e n t i a l e + presented i n Table 11 . The values o f implanted l a s e r annealed junctions are very much lower than those o f d i f f u s e d diodes (0.9 v o l t ) . This difference suggest the possib i l i t y o f compensating defects i n the j u n c t i o n region (20). As the d i f f u s i o n pot e n t i a l i s d i r e c t l y r e l a t e d t o the energy band gap o f the semi-conductor, and the @ are low, these r e s u l t s could i n d i c a t e a shrinkage of the energy gap (7) 
E =
I = IoD(exp A-- n,kT 1)
